H allux valgus deformity remains one of the most common and disabling pathologies of the foot. A myriad of potential therapeutic interventions have been described for treating people with symptomatic hallux valgus, including bracing, soft-tissue procedures, and a number of different osteotomies. [1] [2] [3] The purpose of operative correction of the deformity by an osteotomy of the first metatarsal is to reduce the malalignment of the first ray, thereby restoring its function in weight bearing and ambulation. 4 Operative correction has yielded good to excellent results. [5] [6] [7] [8] [9] [10] [11] [12] However, recent plantar pressure distribution analyses indicate that, despite improvement of clinical and radiographic parameters, restoration of function of the first ray and great toe does not occur. 8, [13] [14] [15] [16] [17] Kernozek and Sterikker 17 found decreased 1-year peak pressures and force-time integrals (impulse) in the great toe region compared with the preoperative values. They concluded that physical therapy may help to restore great toe function after the Austin procedure. In a prospective pressure distribution study, Bryant et al 13 found decreased load beneath the hallux 1 year after the Austin procedure compared with preoperative levels. They did not find any changes of plantar pressure parameters on the second, third, and fourth metatarsals after surgery. Guesgen et al 18 reported that, at a mean of 3 years after chevron osteotomy, 56% of the patients did not use their great toe for push-off. Jones et al 8 found decreased peak pressures 20 months after scarf osteotomy in the region of the first metatarsal head compared with the preoperative values. Dhukaram et al 15 found decreased load under the hallux after scarf and Mitchell osteotomies compared with individuals with absence of any foot pathology.
Because the first ray is the most heavily loaded structure of the foot during gait, proper weight bearing is essential for physiologic gait patterns. 19, 20 Lateral deviation of the great toe and subluxation of the sesamoids represent pathomorphologic characteristics of hallux valgus deformity. 21 These changes alter kinematics of the first metatarsophalangeal (MTP) joint, leading to reduced strength (force-generating capacity) of the plantar flexors. 22 Plantar pressure studies revealed that the great toe assumes a diminishing role in weight bearing of the forefoot. In addition to the lateral transfer of forces, the center of pressure shifts laterally. [23] [24] [25] Therefore, several authors 26 -28 have mentioned decreased weight bearing of the great toe during gait as the reason for lesser toe metatarsalgia. The results of plantar pressure distribution assessments performed after hallux valgus surgery suggest that structural correction of the pathobiomechanics alone is not sufficient to restore forefoot function. 8,13,15,16 -18 Postoperative physical therapy is a well-established method to restore function after surgical intervention for disorders of the musculoskeletal system. The benefits of postoperative physical therapy have been reported for nearly all orthopedic surgery subspecialties. 29 -33 More applicable to this report, it has been shown that postoperative physical therapy for hindfoot surgical procedures improves postoperative function. 34 However, there is a paucity of literature describing the effect of physical therapy on the functional outcome of forefoot surgery. Shamus et al 35 reported good functional improvement in patients with hallux limitus when they underwent a special physical therapy program including sesamoid mobilization, flexor hallucis muscle strengthening, and gait training. These results indicate that physical therapy and gait training help to restore physiologic kinematics in the affected first MTP joint. Therefore, we hypothesized that physical therapy would improve function following surgical correction of symptomatic hallux valgus.
The purpose of this prospective descriptive study was to illustrate the changes of plantar pressure distribution during the stance phase of gait in patients who underwent hallux valgus surgery and received a multimodal rehabilitation program.
Method Participants
Prospective participants were referred to the study by a fellowshiptrained foot and ankle surgeon on the basis of mild to moderate hallux valgus deformity without radiographic signs of osteoarthritis of the first MTP joint. Between October 2006 and December 2007, 30 patients were included in this study. All patients complained of pain in the region of the first MTP joint. Demographics of the participants are shown in Table 1 . None of the participants had evidence of lowerextremity malalignment (eg, genu valgum, genu varum) or any other pathologic conditions on the musculoskeletal system that might influence gait patterns (eg, low back pain; disk herniations; spondyloar- thritis or osteoarthritis of the hip, knee, ankle, subtalar, transverse tarsal, or Lisfranc joints).
The operations were performed by a single surgeon (H.J.T.), as previously described by Kristen et al 9 and Trnka et al, 12 in an ambulatory surgery center setting. Briefly, the Austin osteotomy is a distal V-shaped osteotomy of the first metatarsal combined with a release of the contractile aspects of the lateral joint capsule of the MTP joint. 36 The operative area is explored through a median skin incision at the medial aspect of the first MTP joint, as well as a dorsal skin incision at the first web space. The V-shaped osteotomy is performed with a sagittal oscillating saw, and afterward the distal fragment is shifted laterally to realign the first metatarsal. In the present study, fixation was performed by inserting an oblique compression screw (Charlotte Multi Use Compression Screw*) from dorsomedial to plantarlateral.
The scarf osteotomy is a diaphyseal Z-shaped osteotomy of the first metatarsal shaft. [7] [8] [9] 37, 38 The operative area is explored through the same incisions as described for the Austin osteotomy. The osteotomy is performed using the oscillating saw. Correction of the deformity is provided by pushing the distal fragment laterally. Fixation was performed with the same screw used for the Austin osteotomy. This screw was inserted in a dorsal to plantar direction.
Participants underwent the scarf osteotomy when their intermetatarsal angle was more than 16 degrees and underwent the Austin osteotomy when it was less than 16 degrees. The intermetatarsal angle is measured on weight-bearing anterior-posterior radiographs of the foot. The intermetatarsal angle was determined from the longitudinal axes of the first and second metatarsals. This angle is the main indicator of the degree of the deformity. 3, 21, 39 To avoid the specific influence of a single surgical method, patients with both operations were included in this study.
Measurements
Prior to collecting data, all participants signed an informed consent form approved by the Foot and Ankle Center Vienna Institutional Review Board. The rights of the participants were protected all the times.
All measurements were taken by an independent observer who was neither the operating surgeon nor a physical therapist. The measurements included pedobarographic analysis and functional assessment using the metatarsophalangealinterphalangeal score of the American Orthopaedic Foot and Ankle Society (AOFAS), as well as measurements of range of motion (ROM) of the first MTP joint according to the criteria of the AOFAS. 39, 40 The AOFAS score and ROM of the first MTP joint were evaluated preoperatively and 6 months after surgery. Plantar pressure analyses were performed preoperatively and 4 weeks, 8 weeks, and 6 months after surgery.
Plantar Pressure Analysis
The plantar loading parameters were assessed using a capacitive pressure measurement platform (emed-at platform † ). The platform has a total area of 610 ϫ 323 mm enclosing a 240-ϫ 380-mm sensor area. It includes a total of 1,760 sensors, providing a resolution of 2 sensors per square centimeter. The sampling rate of the platform was fixed at 60 Hz and automatically triggered upon first contact. The pressure threshold is 10 kPa, with plantar pressures ranging up to 1,270 kPa. The platform has a maximum measurable force of 67,000 N, with a hysteresis of Ͻ3%. Because of the 18-mm depth of the platform, the test arrangement enclosed the whole platform in the center of a polyethylene ramp with a length of 7 m. Participants were able to cross the platform in both directions. The validity, reliability, and repeatability of the EMED system † have been investigated previously. [41] [42] [43] According to Hughes et al, 41 the coefficients of reliability (Pearson r) In the present study, the participants were told to walk at normal speed and to keep their speed constant. Data were collected and stored for analysis. Analysis of the records was performed with the emed/D software. †,44 An average of the 5 data sets was calculated by the software, and the foot was divided into geometric regions of interest according to the anatomical areas of the great toe, second toe, first metatarsal head, and second metatarsal head, as well as the total foot ( Fig. 1 ). The following variables for each region were generated by the software: peak pressure (in kilopascals), maximum force (in newtons), contact area (in square centimeters), contact time (in milliseconds), and force-time integral (in newtons per second).
Measurements of plantar pressure provide an indication of foot and ankle function during gait. Data obtained from plantar pressure assessment can be used for the evaluation and treatment of patients with foot disorders. In the present study, plantar pressure measurements were performed to investigate changes in gait before and in the postoperative pe-
Figure 1.
Plantar pressure image with regions of interest: total foot, first metatarsal head (MH1), second metatarsal head (MH2), big toe, and second toe.
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riod after hallux valgus surgery with respect to the functional restoration of the operated area. 45 Pressure (measured in pascals) is defined as force (measured in newtons)/ area (measured in square meters). 46 Peak pressure in the assessment of dynamic plantar pressure distribution is defined as the greatest pressure that is applied to the ground during the stance phase of gait. Maximum force is defined as the greatest vertical force that acts on a certain area and indicates its load. 46 In the present study, maximum force was measured to determine the load changes of certain regions of interest.
The force-time integral (impulse) is the area under the curve of a force (ie, time curve). 45 These parameters are appropriate for describing the overall loading effects of the foot during the stance phase of gait. Contact time reveals the time of ground contact of either the total foot or certain regions of interest during the stance phase. Contact area is the area of contact of the foot to the supporting surface during the stance phase. The data were not normalized to foot size and weight. The standard deviation reflects between-subject variations.
Rehabilitation Program
An Aircast cryo-cuff ‡ was applied for 8 hours starting immediately after surgery on the day of the operation and on the first postoperative day. This intervention was conducted as an inpatient treatment. Postoperatively, participants were placed in the Rathgeber postoperative shoe § for 4 weeks. This shoe allows weight bearing of the operated limp while reducing stress in the forefoot region. Participants also received a special sock (Gilofamed ) that reduces swelling and the need for dressing changes. The first session of the physical therapy program started 4 weeks after surgery, with one session per week. Physical therapy treatment was performed by 3 licensed physical therapists following the same treatment protocol.
In the first session, elevation of the leg, lymphatic drainage, activation of the muscle pump, and cryotherapy (cool packs) were used to reduce the swelling. Participants were told to perform these actions at home once a day for 20 minutes.
During gait training, physiologic gait patterns were achieved. The stance phase was trained by performing a heel-strike in its physiological position at the lateral aspect of the heel, 47 followed by weight bearing of the first metatarsal during midstance and terminal stance, with training of active push-off by the great toe flexors, the flexor digitorum longus and brevis muscles, and the lumbrical muscles.
Selective strengthening of the peroneus longus muscle also was performed. The function of this muscle is to pronate the midfoot. 20, 48, 49 Pronation is essential for ground contact of the first ray, the most heavily loaded structure of the foot during gait. 19 If the peroneus longus muscle is too weak, people compensate by pushing the knee into a valgus position to achieve midfoot pronation. In addition, fascial release techniques for the peroneal muscles as well as to decrease of the tone (velocitydependent resistance to stretch) of the tibialis anterior muscle were performed to improve the interaction of those antagonists. ‡ Manual therapeutic intervention at the first metarsophalangeal joint.
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Manual therapeutic interventions were performed for all MTP joints. These manipulations focused on an improvement of flexion and included caudal sliding of the proximal phalanx to improve flexion and dorsal sliding of the proximal phalanx to improve extension (Fig. 2) . In addition, oscillating traction was performed to activate the mechanoreceptors that inhibit the afferent pain sensors.
The treatment protocol also included mobilization of the first MTP, Lisfranc, transverse tarsal, subtalar, and ankle joints. Concentric strengthening exercises of the great toe flexors and extensors were performed as well.
The participants received a mean of 4.4 treatment sessions (rangeϭ3-6) based on their individual findings. The sessions took place once a week for 3 to 6 weeks. The duration of the sessions ranged from 35 to 45 minutes. The participants also were instructed to do a marble pick-up exercise, apply cold packs, and do strengthening exercises and gait training at home. A more-detailed description of the rehabilitation program is included in the eAppendix (available at www.ptjournal.org).
Data Analysis
Student t tests were used to determine whether there was a significant difference between the preoperative and postoperative AOFAS scores and MTP ROM measurements. Repeatedmeasures analyses of variance and Tukey post hoc analyses were used to investigate the changes in plantar pressure parameters at the different time points. Statistical analysis was performed using SPSS version 11.3 # as well as Excel for Macintosh.** The level of significance was defined as ␣Ͻ.05.
Results
Twenty-eight patients were available for a complete follow-up. One patient was excluded from the 6-month follow-up examination because of a recent myocardial infarction. Another patient was not able to participate in the 6-month follow-up examination because of a work-related change of his living area.
AOFAS Score
The mean AOFAS score increased from 60.7 (SDϭ11.9) preoperatively to 94.5 (SDϭ4.5) 6 months after surgery (PϽ.001) (Fig. 3) .
Pedobarographic Analysis
The results of the plantar pressure assessment are summarized in Table  2 and are illustrated in Figure 4 . 
Total Foot
The total foot area maximum force, contact time, and force-time integral did not show significant changes between the different examinations. Mean peak pressure decreased from 714.8 kPa (SDϭ195.8) preoperatively to 622.4 kPa (SDϭ228.0) 4 weeks postoperatively (Pϭ.003). Six months postoperatively, it reached 687.8 kPa (SDϭ218.7), which was not statistically different from
First Metatarsal Head
Contact time did not show any significant changes for the first metatarsal head. Mean maximum force decreased from 117.8 N (SDϭ48.0) preoperatively to 77.3 N (SDϭ41.9) 4 weeks postoperatively (Pϭ.001) and increased to 123.7 N (SDϭ40.6) 8 weeks after surgery (PϽ.001). Mean peak pressure decreased in the same period from 288.9 kPa (SDϭ181.7) to 146.6 kPa (SDϭ73.5) (Pϭ.001). Between the preoperative investigation and the assessment 6 months postoperatively, there was no statistically significant difference either for maximum force or for peak pressure (Pϭ1.0). Mean contact area decreased between the preoperative assessment and the evaluation 4 weeks after surgery from 11.4 cm 2 (SDϭ1. 
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Great Toe
In the great toe, maximum force, peak pressure, contact area, and force-time integral decreased significantly between the preoperative evaluation and the assessment at 4 weeks following surgery (PՅ.001).
The mean contact area showed a statistically significant increase from 5.09 cm 2 (SDϭ3.1) 4 weeks after surgery (Pϭ.001) to 7.4 cm 2 (SDϭ2.4) 8 weeks after surgery (Pϭ.003) and 9.2 cm 2 (SDϭ1.5) 6 months after surgery (Pϭ.017). The difference between the preoperative examination and the assessment 6 months after surgery was statistically significant (Pϭ.034).
Mean values for maximum force were 66.1 N (SDϭ33.2) preoperatively and 87.2 N (SDϭ37.3) 6 months after surgery (Pϭ.320). Average force-time integral was 18.7 N⅐s (SDϭ10.7) before surgery and reached 24.2 N⅐s (SDϭ13.7) (Pϭ.752) 6 months postoperatively.
Contact time did not show any statistically significant changes.
Second Toe
In the second toe, the maximum force, peak pressure, and contact area decreased significantly between the preoperative evaluation and the assessment 4 weeks after surgery (Pϭ.005, Pϭ.001, Pϭ.003, respectively). There were no statistically significant changes for force-time integral or contact time.
First MTP Joint ROM
Mean total ROM of the first MTP joint increased from 68.9 degrees (SDϭ 11.9, rangeϭ40 -90) preoperatively to 73.3 degrees (SDϭ21.4, rangeϭ 30 -150) 6 months after surgery. This improvement was not statistically significant (Pϭ.31). However, mean dorsiflexion significantly increased from 40.4 degrees (SDϭ9.0, rangeϭ25-60) preoperatively to 45.9 degrees (SDϭ14.0, rangeϭ 20 -80) 6 months after surgery (PϽ.05). Mean plantar flexion was 28.5 degrees (SDϭ6.9, rangeϭ15-40) preoperatively and 27.4 degrees (SDϭ11.5, rangeϭ5-45) 6 months after surgery. This difference was not statistically significant (Pϭ.44) (Fig. 5) .
Discussion
In our study, plantar pressure distribution was assessed in patients who underwent hallux valgus surgery and received postoperative physical therapy and gait training. In general, loading parameters in the great toe region and the region of the first metatarsal head did not decrease between the preoperative examination and the assessment at 6 months after surgery. Several authors 8, [13] [14] [15] [16] [17] have studied changes in plantar pressure distribution after hallux valgus surgery and found decreased loading parameters in the hallux and the first metatarsal head region after surgery. To the best of our knowledge, the postoperative regimens in those Range of motion (ROM) assessment: changes (in degrees) in plantar flexion, dorsiflexion, and overall ROM of the first metarsophalangeal joint.
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studies did not include physical therapy and gait training, although Kernozek and Sterriker 17 concluded that the inclusion of physical therapy and gait training would improve the functional outcome.
Plantar pressure distribution measurements are a proper method to assess the functional outcome of hallux valgus surgery. This method was first recommended in 1956 by Barnett. 50 Henry et al, in 1975 , were the first authors to report the results of plantar pressure distribution analysis. 26 They studied 170 feet retrospectively and found that 50% underwent resection arthroplasty according to Keller or arthrodesis of the first MTP joint for treatment of hallux valgus deformity. They showed that patients who underwent resection arthroplasty did not use their great toe for push-off. In addition, metatarsalgia showed a significantly higher incidence in the resectional arthroplasty group. Henry et al concluded that the higher incidence was attributable to the higher pressure distribution on the lateral aspects of the forefoot due to load shift. Even though both methods that were investigated in that study are joint-sacrificing methods rather than joint-preserving methods, which are able to restore physiological joint biomechanics as well as joint kinematics, the results indicate that the use of the great toe for push-off and weight bearing of the first ray is important to avoid metatarsalgia due to load shift after hallux valgus surgery. Therefore, a great deal of attention should be drawn to the restoration of physiologic gait patterns after such operations.
In agreement with Henry and colleagues' results, 26 Stokes et al 27 found no increase of plantar pressure patterns beneath the great toe region in 40 feet of patients who underwent a resectional arthroplasty or Wilson osteotomy. In addition, they investigated the plantar pressure distribution of 64 individuals (128 feet) with absence of any foot pathology and compared the results with the results of the hallux valgus group. On the lateral aspects of the foot, the hallux valgus group showed higher load before as well as after surgery compared to the control group. Stokes et al also concluded that this load shift may cause metatarsalgia. This was the first study that revealed pathologic plantar pressure distribution after hallux valgus surgery with a joint-preserving method.
Feet affected with hallux valgus deformity show a load shift to the lateral aspects of the foot and decreased weight bearing of the great toe. 22,24,26 -28 In a kinematic study, Mitternacht and Lampe 22 found that, due to the lateral shift of the tendons of the extrinsic muscles of the great toe, a decrease in plantar-flexion moment of the great toe can be identified. Recently, Putti et al 42 performed a plantar pressure distribution assessment in 53 subjects who were healthy and used the force-time integral to describe the overall loading effect. The force-time integral is appropriate for describing the overall loading effect because it takes into account the amplitude and duration of load application. 45 The study by Putti et al revealed mean force-time integrals of 26 N⅐s for the hallux region and 52 N⅐s for the first metatarsal head region. In our study, we found mean preoperative forcetime integrals of 37.9 N⅐s for the first metatarsal head region and 18.7 N⅐s for the first metatarsal head region. These measurements indicate a decreased load of the first ray in patients with hallux valgus deformity. Six months after surgery, the mean values for these regions reached 25.2 N⅐s for the big toe region and 55.6 N⅐s for the first metatarsal head region. These findings indicate increased weight bearing of the first ray and an almost physiological plantar pressure distribution. In addition, there were significantly decreased plantar pressure parameters in the region of the first and second metatarsal heads 4 weeks after surgery compared with the preoperative assessment. Considering the total foot region, no statistically significant changes for maximum force and force-time integral were observed. These results indicate the possibility of a load shift from the medial aspect of the forefoot to the lateral aspects of the forefoot.
Our patients were placed in a postoperative shoe for 4 weeks after surgery. To ensure bone healing, the postoperative shoe should decrease the load in the traumatized region. 2, 3 The first ray is the most heavily loaded structure of the foot during gait. 19 Therefore, the shoe is designed to shift the load from the medial aspect to the lateral aspect of the forefoot during propulsion. We believe that one reason for the decreased load in the great toe region and the region of the medial forefoot 4 weeks after surgery is the pathologic gait pattern that is necessary in the early postoperative period. However, a multimodal rehabilitation program seems to be important for the patient to eliminate these pathologic gait patterns and to restore the function of the operated structures.
Recent plantar pressure distribution analysis with an intermediate-term follow-up revealed a decreased load in the region of the first MTP joint as well as in the great toe area after hallux valgus surgery. Kernozek and Sterricker 17 found decreased peak pressure and force-time integral in the great toe region 1 year after surgery compared with the preoperative examination in a prospective study of 25 patients who underwent the Austin procedure for correction of hallux valgus deformity. They concluded that physical therapy may
help to improve the functional outcome of this procedure.
Bryant et al 13 investigated 31 subjects (44 feet) before and after an Austin osteotomy. They also assessed the plantar pressure distribution in 36 control subjects. They found a decreased load beneath the hallux 1 year after the Austin procedure compared with preoperative levels.
In a retrospective analysis, Guesgen et al 18 measured plantar pressure distribution in 60 patients (66 feet) who underwent a chevron osteotomy, with a mean follow-up of 3 years. Thirty-four percent of the patients with a postoperative hallux valgus angle smaller than 20 degrees and 56% of the patients with a postoperative hallux valgus angle greater than 20 degrees did not use their great toe during propulsion. These results suggest that a total of 45% of the patients had pathologic gait patterns after surgery. Jones et al 8 investigated 24 patients (35 feet) who underwent a scarf osteotomy prospectively. They found a decrease in the peak pressure of the first metatarsal after a mean follow-up of 20 months. Dhukaram et al 15 investigated 28 patients who underwent a Mitchell or scarf osteotomy, with a mean follow-up of 3 years. They also measured plantar pressure distribution in 15 individuals who were healthy. They found deficient load bearing of the hallux for both groups.
In this study, plantar pressure patterns in the great toe region decreased significantly 4 weeks after surgery compared with the preoperative assessment. Maximum force, peak pressure, contact area, and force-time integral showed statistically significant increases between the fourth and the eighth weeks postoperatively. For the great toe region and the region of the first metatarsal head, maximum force and force-time integral showed increases compared with the preoperative values. This tendency was statistically nonsignificant. The changes concerning the plantar pressure distribution indicate that there is improved weight bearing of the first ray and the great toe. This finding indicates that there is a functional improvement after hallux valgus surgery, which does not correspond to the pedobarographic results reported by other authors. 8, [13] [14] [15] 17, 18 Based on those results, we believe that this functional improvement is based on the physical therapy interventions.
In agreement with other authors, the AOFAS score improved significantly and reached 94.5 points at 6 months after surgery. Cancilleri et al 51 investigated 30 patients after an Austin osteotomy and found a mean AOFAS score of 81.9 points at a mean of 37 months after surgery. Trnka et al, 11 in 2-and 5-year follow-up assessments of 66 patients after a modified chevron (Austin) osteotomy, found a mean AOFAS score of 91 points. Aminian et al 52 studied the clinical results of the scarf osteotomy in 27 patients and found that the mean AOFAS score increased from 54.5 points preoperatively to 86.5 points at an average follow-up of 16.1 months. Kristen et al, 9 in 89 patients (111 feet) who underwent a scarf osteotomy, reported that the mean AOFAS score increased from 50.1 points preoperatively to 91 points postoperatively at a mean follow-up of 34 months. Perugia et al 10 investigated 33 patients (45 feet) after a scarf osteotomy and reported a mean increase in AOFAS score from 35.7 points preoperatively to 89.8 points postoperatively. Jones et al, 8 in 24 patients (35 feet) who underwent a scarf osteotomy, found the mean AOFAS score increased from 52 points preoperatively to 89 points at a mean of 22 months after surgery. Buchner et al, 6 in 29 patients who underwent a scarf osteotomy, found an increase in mean AOFAS score from 45 points preoperatively to 75 points at an average follow-up of 6 months. Crevoisier et al 53 found in 84 feet an increase in mean AOFAS score from 43 points preoperatively to 82 points at a mean follow-up of 22 months. In the present study, patients had a relatively high AOFAS score in comparison with these other investigations, even though surgery was just 6 months prior.
The total ROM improved from 68.8 degrees preoperatively to 73.3 degrees by 6 months after surgery. This improvement did not show statistical significance, but isolated dorsiflexion significantly improved from 40.4 to 45.9 degrees. It is difficult to compare the results of ROM measurements in our study with those of other studies because of the different methods used for the assessment of first MTP joint ROM. However, during propulsion, the first MTP joint has been reported to dorsiflex between 40 and 60 degrees during typical gait. 54 Plantar flexion of only a few degrees is necessary to allow physiologic gait. The improvement of dorsiflexion also may help to restore physiological gait patterns.
Weaknesses of this study include, due to its descriptive nature, the absence of a control group that did not receive physical therapy after hallux valgus surgery. A randomized controlled design would improve the level of evidence. Further research is necessary to determine whether there is a beneficial effect of a multimodal rehabilitation program on the restoration of physiological plantar pressure patterns. Further research should focus on performing a randomized controlled trial addressing this question. Gait speed seems to affect plantar pressure distribution. 55 In the present study, plantar pressure assessment was performed using the mid-gait method because it is the most favorable way to represent normal gait patterns. 42, 45 Partic-
ipants were instructed to walk at a normal speed and to keep their speed constant. Putti et al 42 showed that this method produces repeatable results. However, gait speed was not recorded. Therefore, it is impossible to analyze the influence of gait speed on the plantar pressure distribution in the patients in this study.
The strengths of this study include its prospective nature and a systematic plantar pressure assessment. In addition, to the best of our knowledge, this is the first study determining plantar pressure changes after hallux valgus surgery and postoperative physical therapy.
Conclusion
Numerous authors 13,15-18,22,24,26 -28 have reported pathologic gait patterns after hallux valgus surgery. We found that there was an increase in plantar pressure parameters in the region of the great toe and the first ray after hallux valgus surgery in patients who received physical therapy as well as gait training in the postoperative period. Therefore, we believe that postoperative physical therapy helps to restore function in weight bearing and ambulation after hallux valgus surgery. 
